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ABSTRACT 
Objective: To evaluate the remineralizing potential of a hydrocolloid-based, controlled fluoride-releasing 
system added to dentifrice formulas. Material and Methods: Sixty-five human enamel blocks were 
prepared and the surface microhardness (SH0) values were determined. The artificial caries lesions were 
induced and the demineralization surface microhardness (SH1) was evaluated. The blocks were randomly 
allocated into five groups (n = 13): (1) 100-TGF (100% NaF with Tara gum added); (2) 50-TGF (50% free 
NaF + 50% NaF with Tara gum added); (3) 100% TG (100% Tara gum without fluoride); (4) 100% NaF 
(positive control); and (5) placebo (without Tara gum and NaF). The blocks were submitted to 7 days pH 
cycling and treated with dentifrice slurries twice a day. Finally, surface hardness (SH2) was assessed and the 
percentage of surface hardness recovery (%SMHR) was calculated. Analysis of variance (ANOVA) followed 
by Bonferroni test was used for statistical analysis. Results: A positive %SMHR was found in the 100% NaF 
(5.07) and 50-TGF (0.64) groups, while the 100-TGF (-1.38), 100% TG (-3.88) and placebo (-0.52) did not 
undergo remineralization. Statistically significant differences were observed between 100% NaF and all the 
groups except for 50-TGF (p<0.05). Conclusion: The presence of hydrocolloid (Tara gum) promoted 
minimal remineralization when associated with NaF. In the applied model, Tara gum may have 
compromised remineralization, preventing free fluoride from acting effectively in the carious lesion. 
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Introduction 
The use of fluoride toothpastes is considered the most effective and most performed method of dental 
caries reduction [1-3]. It is a convenient, cost-effective, and culturally approved method that is widespread 
throughout the world, making it an ideal public health method [4]. Its favorable performance can be attributed 
to the combination of topical fluoride exposure and mechanical disruption of dental biofilms [1,3]. 
The maintenance of an appropriate intraoral fluoride concentration is a desire; however, it is not an 
easy task due to its rapid clearance in oral fluids [5]. The decrease of salivary fluoride after brushing with a 
fluoride dentifrice can occur in two different phases: (A) a rapid disappearance from the mouth, lasting 40-80 
min and varying in each individual, and (B) a slow elimination, lasting for several hours [5]. In addition, 
products that use new technologies for the slow release of fluoride and its long-lasting maintenance in the oral 
cavity have caught the attention of researchers [6]. For example, the addition of hydrocolloids to the 
toothpaste composition has been suggested as a controlled fluoride-releasing system [7]. 
Hydrocolloids are composed of polysaccharides, which are obtained from a wide variety of natural and 
renewable sources such as plants, microorganisms, and animals. They have attracted the attention of several 
industrial fields due to their favorable properties, including biocompatibility, biodegradability, low cost, and 
abundance in nature [8]. The majority of hydrocolloids are widely used in the food, pharmaceutical, and 
cosmetics industries as thickeners, texture modifiers, emulsifiers, stabilizers, and gelling agents [8-10]. 
Recently, the hydrocolloid Tara gum, also named as Peruvian carob, has received great attention from 
the pharmaceutical and cosmetics industries. As reported by some studies [11,12], it has the potential to act as 
a controlled-release system for drugs (tablets and emulsions). Tara is a natural gum that can be obtained in 
powder form by grinding the seed endosperm of the Caesalpinia spinosa tree. The aim of this study was to 
evaluate the remineralization potential of fluoride dentifrices containing Tara gum, as a promising controlled-
release system of fluoride, on early enamel caries. To the best of our knowledge, the present research is the 
first in vitro study to evaluate the remineralizing capacity of fluoride dentifrices containing Tara gum for the 
treatment of dental caries. 
 
Material and Methods 
Study Design 
This study was a randomized, double-blind trial using teeth that were submitted to a pH-cycling 
model. 
 
Preparation of Enamel Samples and Lesion Formation 
Enamel blocks (4×4×2 mm) were obtained from human permanent third molar teeth that were stored 
in 2% formaldehyde solution, pH 7.0, for 30 days at room temperature.  
To calculate the sample size, a beta error of 10%, and an alpha error of 5%, statistical power of 80% 
and an average magnitude of 0.5 were considered. The calculation was made using excel software, according to 
the equation below, to reach an n with 80% power (Z1- β =0.846). The addition of 10% of sample loss in the 
value resulted in a sample of 75 (n = 15 per group), where Z1- β represents the beta error, d is the effect 
magnitude, n is the sample number and Z1- α is the alpha error. 
 
Equation 1:  Z1 - β  = d(n - 1) √2n / 2(n - 1) + 1.21(Z1 - α  - 1.06) – Z1 - α  
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The specimens were embedded in acrylic resin, and the enamel surface was ground flat with water-
cooled carborundum discs (300, 400, 600, 1200 grades) under constant irrigation. Next, the specimens were 
polished by a felt paper wet by a 1-µm diamond suspension. Three indentations spaced 100 µm from each other 
were made at the center of the enamel surface. The baseline surface microhardness (SH0) values of the enamel 
were determined by a Shimadzu HMV-AD microhardness tester with a Vickers diamond under a 100-g load 
for 10s. All specimens’ surfaces, except the enamel area of 16 mm2, were coated with an acid-resistant varnish. 
Then, the samples were subjected to artificial caries lesion formation by immersion in 32 mL of 
demineralizing solution containing 1.3 mM Ca(NO3)2·4H2O, 0.78 mM NaH2PO4·H2O, 0.05 M acetate buffer, 
and 0.03 μg/mL NaF, pH 5.0 32 mL per block at 37 ºC for 16 h [13]. After the carious lesion formation, a new 
surface microhardness (SH1) was measured for the demineralization area.  
 
pH Cycling and Treatment 
The blocks of human tooth enamel (4×4×2mm) were allocated into the following five groups (n=15): 
(1) 100-TGF (100% NaF with Tara gum added); (2) 50-TGF (50% free NaF + 50% NaF with Tara gum 
added); (3) 100% TG (100% Tara gum without fluoride); (4) 100% NaF (positive control, free NaF and without 
Tara gum); and (5) placebo (without Tara gum and NaF) (Savoy SA, São Paulo, SP, Brazil). All experimental 
dentifrices included the following ingredients: water, carboxymethyl cellulose (binder), sodium lauryl sulfate 
(surfactant), hydrated silica (abrasive), 70% sorbitol and glycerin (humectants), and methylparaben 
(preservative). The pH of the dentifrices was controlled by disodium phosphate [7]. 
An independent researcher, who was not involved in this in vitro study, labeled all dentifrices. The 
toothpastes were packed in similar tubes (60 g) and had the same characteristics (color, packing, consistency, 
and flavor). All of the fluoride dentifrices contained 1.100 ppm fluoride (mg F/g), with the exception of the 
100% TG and placebo groups. The experimental dentifrices had a maximum of 6% Tara gum in their 
formulation, based on the previous study [7]. 
A pH-cycling model at 37ºC during 7 days was subjected, individually, to each enamel especimen. The 
samples were cycled between a remineralizing solution (1.5 mM Ca, 0.9 mMP, 0.15 MKCl, 0.05 ppm F, 0.02 M 
cacodylate buffer, pH 7.0; 1.11 mL/mm2 of enamel surface) for 18 h and a demineralization solution (2.0 mM 
Ca, 2.0 mM P, 0.04 ppm F, and 0.075 M acetate buffer, pH 4.7; 2.22 mL/mm2 of enamel surface) for 6 h during 
5 days. The next 2 days, the blocks were kept in remineralization solution [14]. The solutions were changed 
daily. The treatment consisted of 1-min soaks slurries for all specimens (2 mL/block) of each toothpaste group 
diluted in deionized water (1:3). The treatments were performed twice a day (before and after the 
demineralizing period) under agitation [14]. 
 
Microhardness Analysis 
The surface microhardness was determined using a microhardness tester (Shimadzu HMV-AD Easy 
Test Version 3.0, Tokyo, Japan) with a Vickers diamond under a 100-g load for 10s. After the pH cycling and 
treatment, the surface microhardness was measured again (SH2). Three indentations spaced 100 µm from each 
other and from the baseline were made. Finally, the percentage of surface hardness recovery (%SMHR) was 
calculated according to equation 2: 
 
Equation 2:   %SMHR = ((SH2 – SH1)/(SH0 – SH1)) x 100 
 Pesqui. Bras. Odontopediatria Clín. Integr. 2021; 21:e0046 
 
4 
Statistical Analyses 
The SPSS program was used for statistical analyses and p<0.05 indicates statistical significance. The 
data presented a normal distribution (Shapiro-Wilk). Analysis of variance (ANOVA), followed by Bonferroni 
test, was used to compare SH0, SH1, SH2 and %SMHR into the same group and between groups. 
 
Ethical Clearance 
The protocol of this study was approved by the Brazilian Ethics Committee for Research with Human 
Beings (CAAE: 45917915.6.0000.5188). 
 
Results 
The statistical analysis after the treatment took into account a size of 13 specimens per group. 
Variations in some groups forced the elimination of two samples, one with the highest and another with lowest 
values of each group. This loss was found within the safety margin made by the sample calculation of 10% of 
extra samples. 
The mean of each group between the three periods are described in Table 1. No statistical differences 
were observed between the groups for SH0. Differences were observed between groups for SH1 and SH2 
variables. The greater remineralization recovery was observed on 100% NaF group (positive control). 
 
Table 1. Mean and standard deviation (SD) of SH0, SH1 and SH2 from all the tested groups. 
Groups SH0 (SD) SH1 (SD) SH2 (SD) 
100%TG 355.67 (± 8.65)a 49.94 (± 20.70)b 39.14 (± 8.05)a,b 
50-TGF 373.94 (± 10.67)a 16.73 (± 7.16)a 19.04 (± 8.61)c 
100-TGF 376.92 (± 4.06)a 30.96 (± 12.61)a,b 26.63 (± 10.20)b,c 
100%NaF 374.56 (± 8.72)a 29.38 (± 28.78)a,b 47.54 (± 21.51)a 
Placebo 389.73 (± 10.18)a 27.77 (± 7.24)a 26.10 (± 8.47)b,c 
Distinct letters in each variable, means statistical significance difference between the groups in the column (ANOVA, p<0.05). 
 
The mean %SMHR values of all groups from the highest to the lowest were as follows: 100% NaF 
(5.07) > 50-TGF (0.64) > placebo (-0.52) > 100-TGF (-1.38) > 100% TG (-3.88). No statistical difference was 
observed between the Placebo and all the dentifrices containing Tara gum (p>0.05). The positive control was 
different from all the groups, except the 50-TGF dentifrice, as shown on Figure 1. 
 
 
*Different letters indicate statistical differences between groups. ANOVA test followed by Tukey’s test (p<0.05). 
 
Figure 1. Mean and standard deviation of %SMHR of initial carious lesions treated with different 
experimental dentifrices containing fluoride associated with Tara gum. 
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Discussion 
The effect of fluoride on dental caries control is highly dependent on its clearance rate by saliva. New 
products that provide a slow release of fluoride and facilitate its long-lasting maintenance in the oral cavity 
have been developed [6]. In addition, hydrocolloids have been investigated due to their biocompatibility, 
biodegradability, and ability to modify the rheology of the system where they are used [8]. 
In this study, the controlled release system of fluoride based on Tara gum was chosen due to the 
experience of our research group that found the release of fluoride and a reasonable long-lasting effect on the 
substantivity of fluoride in this system. However, the remineralizing effect was not studied [7]. Therefore, the 
aim of this in vitro study was to evaluate the remineralizing potential of fluoride dentifrices containing Tara 
gum as a fluoride-releasing delivery system in the treatment of dental caries. 
Initially, based on previous study performed by our research group [7], it was believed that fluoride 
dentifrices with Tara gum would increase the time of availability of fluoride on the enamel surface and it would 
act as a promising controlled-release system of fluoride. However, this behavior of the experimental group 100-
TGF was not observed as expected. 
In fact, the Tara gum associated with fluoride was not able to remineralize lesions effectively, 
resulting in discrete remineralization in the 50-TGF group and mineral loss in the 100-TGF and 100% TG. 
This finding suggests that the fluoride incorporated into the Tara gum might not be immediately available to 
act in remineralization. It is likely that the behavior of these experimental dentifrices with Tara gum can be 
linked to their mechanical characteristics, such as (A) stable viscosity over a wide pH range (pH 3–11) [11] 
which decreases with the increase of temperature from 20°C to 80°C [10]; (B) adhesive capacity; and (3) ability 
to form films on surfaces [6]. 
Therefore, the results suggest that the Tara gum produced a physical barrier that prevented the 
incorporation of free fluoride ions into the enamel. Support for this physical barrier theory is provided by 
potentiometric measurements of dental products containing hydrocolloids. Erratic readings of ion-specific 
electrodes (ISEs) have been performed due to the physical barrier produced by the Tara gum [7]. This barrier 
avoids the contact between the analyte and the sensing membrane of the electrode. In fact, to reduce the risk of 
errors with ISEs, a list of interferences has been reported for laboratory precautions [15]. Among these 
interferents, herbal medications, natural products, and surfactants are listed [15]. Based on these facts, the 
Tara gum appeared to be linked to fluoride during cycling, preventing its release to act in the remineralization 
process. The dentifrices with more Tara gum had the worst remineralization values. 
This research used a well-established in vitro pH-cycling model and treatment conditions close to 
those of the oral cavity to evaluate the behavior of new fluoride toothpastes [16]. In spite of this, it was found 
to have a high standard deviation, however, it is a common finding [17-19] in the literature for this type of 
study. This was probably due to tissue variation in the enamel specimens and to minimize this problem two 
samples of each group were eliminated, which were within the safety margin. It is important to note that the 
lack of saliva, acquired pellicle, the mechanical action of tooth brushing' and the presence of biofilm in the in 
vitro remineralizing pH-cycling models limits the in vitro results to compare with the clinical context [20]. 
The salivary enzymes could have contributed to the F-release in this in vitro system in the 
remineralization performance of the experimental dentifrices groups. However, precautions were applied to 
guarantee the minimal influence of external variables in the model, since this was the first in vitro study to 
evaluate the remineralizing capacity of fluoridated dentifrices with Tara gum, as a controlled system for 
fluoride release. Hence, the most important result of this experimental study is the understanding that a 
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fluoride-hydrocolloid system may not represent an additional benefit to the remineralizing process. It can be 
hypothesized that once fluoride is associated with hydrocolloids it might not be promptly released. 
Finally, the data obtained from this research increased the knowledge regarding fluoride-hydrocolloid 
(Tara gum) systems. Using this in vitro remineralizing pH cycling model, it is believed that fluoride ions were 
not available to act in the remineralization process when associated with Tara gum. Thus, we believe that 
given the properties of the Tara Gum system, new formulations, and new ways of delivery systems can be 
studied. A modified in vitro study and in vivo trial may provide better oral conditions and allow the fluoride 
release to happen more effectively. 
 
Conclusion 
The fluoride-hydrocolloid system added to dentifrices formulas did not offer any advantage for this in 
vitro artificial carious lesion remineralization. The presence of hydrocolloid (Tara gum) promoted minimal 
remineralization when associated with NaF. In the applied model, Tara gum may have compromised 
remineralization, preventing free fluoride from acting effectively in the carious lesion recovery. 
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